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摘 要 
摘 要 
硬质合金材料因其独特机械性能，被广泛应用于机械制造领域。目前利用超
硬精细磨料磨削加工是实现硬质合金等难加工材料精密制造的主要手段。在磨削
加工此类材料过程中，由于机床结构与工艺过程之间存在着磨削力、磨削热、结
构变形等物理量的交互作用，会导致产品在生产过程中出现尺寸精度和表面质量
不稳定的现象。由于硬质合金材料的特殊性，其在精密磨削加工过程中受机床结
构与工艺过程交互作用的影响往往更为明显。端面磨削是硬质合金刀具加工的主
要手段之一，因此有必要对机床-工艺交互作用下的端面磨削加工机理进行更深
入的研究。 
本文以 YG6 硬质合金材料端面磨削加工为研究对象，利用有限元分析方法
进行单颗磨粒磨削仿真，虚拟砂轮磨削仿真，机床-工艺交互作用下的耦合仿真，
研究不同磨粒粒度、磨削工艺参数下磨削力的变化规律，并对仿真结果进行了实
验验证。具体研究工作如下： 
1. 首先通过金刚石压头滑擦 YG6 硬质合金实验获取金刚石与硬质合金材料
间的摩擦系数；然后，基于圆锥形状磨粒构建单颗磨粒磨削有限元模型，其中包
括建立磨粒几何模型，YG6 硬质合金材料本构模型，摩擦磨损模型等。通过该
模型分析了不同粒度与工艺参数对磨削力的影响规律，并利用金刚石划擦硬质合
金实验验证了仿真模型的有效性。 
2. 建立了磨粒形状、粒径、空间位置都呈随机分布的虚拟砂轮模型。并利
用该模型仿真磨削加工 YG6 硬质合金，研究了不同磨削工艺参数对磨削力的影
响规律，并通过金刚石砂轮磨削加工 YG6 硬质合金实验对仿真结果进行了验证。 
3. 在建立的工艺模型和主轴-砂轮系统模型基础上构建了机床-工艺交互模
型，并基于 Visual Basic 6.0 开发了耦合仿真接口软件，实现了 UG、ANSYS、
DEFORM 与 MATLAB 多软件相互间的数据交换。通过耦合仿真软件实现机床结
构与工艺过程之间交互作用的有限元模拟，并与磨削加工实验结果进行了对比验
证。结果表明该仿真方法可以提高磨削力的预测精度。 
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Abstract 
Abstract 
Cemented carbide has become popular materials in manufacture industry due to 
its excellent mechanical properties such as higher hardness and stronger abrasive 
resistance. Precision grinding with super hard fine abrasives is the most commonly 
method which used to grind cemented carbide and other difficult-to-machine 
materials. Owing to the physical factors such as grinding force, thermal and 
deformations in the interaction of machine tool and the manufacturing process, the 
quality of parts will be unstable. The interactions between machining process and 
grinding are more prominent during precision grinding. Therefore, this thesis which 
focuses on the grinding mechanism of YG6 cemented carbide is necessary.  
Based on FEM, this paper establish the model of single grain and virtual wheel 
grinding to research on the influence of different grain sizes, grinding process 
parameters on grinding force under the interaction of coupled simulation. Then, 
experiments have been carried out to verify the FEM simulation results. This thesis 
will mainly carry research on the following aspects: 
1. The experiment of diamond single grain against YG6 cemented carbide is 
carried to obtain the friction coefficient and the simulation of single abrasive grain 
grinding is established by employing a conical grain. The simulation is built which 
included geometric model of grinding grain and workpiece, constitutive material of 
workpiece, model of friction and wear, etc. Based on the FEM of single grain, the 
influence of different grain sizes and process parameters on face grinding forces is 
researched. The experiments of single diamond grain cutting cemented carbide are 
used to verify the simulated results. 
 2. Based on the diamond grinding wheel surface topography, a virtual grinding 
wheel is built to predict the grinding force of machine process. The influences of 
different process parameters on grinding forces are analyzed. And the experiment of 
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Face Grinding Mechanism and Simulation of YG6 Cemented Carbide 
diamond grinding wheel grinding YG6 cemented carbide is made to validate the 
simulation results. 
3. In consideration of the grinding process modle and spindle-wheel modle, a 
grinding process-machine interaction model is established. And coupled simulation 
method which is adopted to gain the grinding force under the interaction is proposed. 
With the assistance of Visual Basic 6.0, an new interface is developed to implement 
simulated data exchange between different software platforms, such as UG, ANSYS, 
DEFORM and MATLAB. And also, the coupled simulation result is verified by 
grinding experiments under different process parameters. The results show that the 
coupling method could improve the prediction accuracy of grinding force. 
 
Keywords: Cemented carbide; Process-machine interaction; Coupled simulation
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